Introduction
It is now almost sixty-five years since Rehn of Frankfurt-on-Main (1895) first drew attention to the unusual incidence of bladder tumours amongst men employed in the dye-making industry. He described the occurrence of bladder tumours in 3 (and possibly in a fourth) out of 45 workmen, who had been engaged for many years in the manufacture of fuchsin. These men were employed in a workshop where crude fuchsin was produced by the heating together of toluidines, aniline, nitrobenzene and ferric chloride. The conditions of working at this time may be gathered from Rehn's description that "as regards the melting shop on hot days when there is much evaporation of nitrobenzol, aniline and so on, new workmen are often so affected by such urgency of micturition that urine passes involuntarily into their clothes". Rehn concluded that: (1) The fumes which develop during the manufacture of fuchsin lead to disturbances in the urinary system. (2) After years of working in the fuchsin industry tumours of the bladder may occur as a result of the continuous irritation. (3) The injurious effect is mainly due to the inhalation of aniline vapour.
Since that time a vast amount of work has been carried out in the industrial and experimental fields in an endeavour to elucidate the problem of causation and prevention. The clinical aspect of the tumours has been less fully surveyed and so far as I am aware has never been presented to this Section. The following review is based on those cases which have been under the care of Macalpine and myself in Manchester.
Historical Review
Although mauveine-the first coal tar dyewas synthesized by Perkin of London in 1856, the dye manufacturing industry did not flourish for long in England and later became established mainly in Germany and to a lesser extent in Switzerland. It is therefore not surprising that the early records of occupational bladder tumours are almost entirely from German and Swiss sources.
At first Rehn's views were severely criticized, OCTOBER but other similar cases ston appeared aiWky 1906 Rehn was able to repo Q33itiona4ses collected from seven different ie-urther reports by Leuenberger of Basle (1912) and by Schewin (1920) , Curshman (1920) , Oppenheimer (1920) and others in Germany left no doubt that bladder tumours were an occupational hazard in the dye manufacturing industry. Many more reports have appeared from Germany culminating in that of Gross (1940 During and after the First World War dye manufacturing plants were started in other countries and in due course so-called "aniline tumours" began to appear. In England Wignall (1929) and Macalpine (1929) drew attention to this occupational danger. Goldblatt (1947 Goldblatt ( , 1949 reviewed his experiences from two British chemical factories and produced records of 99 cases. Scott (1952 Scott ( , 1959 has also contributed a valuable series of cases. During 1947 the Association of British Chemical Manufacturers instituted a research project, which resulted in the invaluable statistical reports of Case et al. (1954) .
In the United States the first case was recorded by Anderson in 1931 and was quickly followed by the reviews of Ferguson (1934) , Gehrman (1934) , Gay (1934 Gay ( , 1937 , Anderson (1934) and Evans (1937) . Maguigan (1950) details nearly 200 cases which had occurred in America. Melick (1958) has recorded 16 cases amongst 71 men manufacturing 4-amino-diphenyl (xenylamine) . Series of cases have also been reported from Italy (Di Maio, 1937 , 1949 , Barsotti and Vigliani (1949, 1952) . In France BilliardDuchesne has described his findings (1949, 1958) .
Occupational tumours have also occurred in the manufacture and use of substitution products of alpha-and beta-naphthylamine, which have been used as antioxidants in the rubber industry (Case and Hosker, 1954) . Benzidine has also been used in rubber manufacture. toluidine and 5-chlor-ortho-toluidine (Fig. IB) Barsotti and Vigliani (1949, 1952) , Scott (1952) and Goldblatt (1947) accepted betanaphthylamine as a hazard. Experimentally Hueper and Wolfe (1937) and Bonser (1943) obtained bladder tumours in dogs; Bonser et al. (1958) have carried out an ingenious series of experiments to test the apparent species differences in the dog, rat, rabbit and mouse to the feeding of beta-naphthylamine. These experiments would appear to indicate that betanaphthylamine is broken down in the body to metabolites, one of which, 2-amino-l-naphthol, is carcinogenic. It is only in those animals which are capable of breaking beta-naphthylamine down to this metabolite, that tumours can be induced.
Benzidine.-Factory statistics have usually shown a high incidence of vesical tumours amongst men employed in the manufacture and handling of benzidine. Doubts were, however, felt that these men might also have been exposed to beta-naphthylamine. Scott, however, in 1952 definitely established the carcinogenicity of benzidine by describing a series of 30 tumours occurring amongst men exposed to this compound only. Experimentally Spitz et al. (1950) obtained bladder tumours in dogs. This finding has been confirmed and many compounds related to amino-diphenyl and diamino-diphenyl have been proved carcinogenic in animals (Walpole et al., 1954; Miller et al., 1956) .
Certain homologues and derivatives of benzidine such as tolidine, dichlorbenzidine and dianisidine are used for similar purposes to benzidine but to a much less degree. Their carcinogenicity is not known with certainty; they may be weak carcinogens.
4-Amino-diphenyl (xenylamine).-Xenylamine -a rubber antioxidant-has never been manufactured in this country. Its potential dangers were recognized and proof of its carcinogenicity in animals established by Walpole et al. (1952, 1954 Annual routine cystoscopy of all exposed workers was first instituted in the United States (Gehrman, 1934; Wolfe, 1937; Evans, 1937) and was later adopted in other countries (Di Maio, 1949; Barsotti and Vigliani, 1949; BilliardDuchesne, 1949; Mtiller, 1951 shows a comparison of the Papanicolaou smear results with the findings of225 review cystoscopies carried out on 47 men, who had been treated for bladder tumours. Of 129 review cystoscopies in which no tumour was found only 83 of the urines yielded a negative smear. Again of 39 cystoscopies at which a tumour was definitely recognized the urine of 20 gave negative smears. The explanation of these erratic findings is not clear. It must, however, be stressed that the Papanicolaou smear, whilst most useful as a primary screening measure, cannot be relied upon for post-treatment reviews. THE PRESENT SERIES OF PATIENTS The present series consists of 182 patients, who have been found to be suffering from occupational tumours of the urinary tract. Of these 180 suffered primarily from bladder tumours; in one case a renal and in another a ureteric lesion A as unaccompanied by any bladder lesion.
The majority of these patients have been referred by the Medical Officers of two large factories engaged in the chemical and dyemaking industry, but some who had left their former employment have been found in hospital practice and the occupational nature of their lesion has been established from their history and its subsequent confirmation at the factory concerned. 4 patients have been traced to a third small factory which is principally engaged in the manufacture of magenta.
Causative agents.-The exposures to the compounds accepted as industrial bladder carcinogens were: benzidine 43 cases, alpha-naphthylamine 19, beta-naphthylamine 20, mixed contacts (many in contact with beta-naphthylamine) 85, manufacture of magenta 4, and others (including some magenta cases) 11 cases.
Incidence.-The chief incidence has occurred amongst men actively engaged in the manufacture of the carcinogens and to a slightly less degree amongst those using them in the manufacture of dyes or other compounds. In 1947 he was again reviewed. Large multiple papillomata were present in the bladder. For these he was given a course of deep X-ray therapy. A calculus was also present in his right kidney. The papillomata regressed but during the following year mossy papillomata in the region of the left ureteric orifice were diathermized. The calculus was also removed from his right kidney.
From 1948 to 1954 recurrent papillomata formed in his bladder and prostatic urethra and were diathermized. The renal tract was also kept under review. Towards the end of 1954 it became evident that papilloma formation was present in the right renal pelvis and ureter and that dilatation of the left renal pelvis and ureter was occurring owing to obstruction of the lower end of the ureter by a papilloma (Fig. 4) . The patient was at first reluctant to have any further operative treatment but finally wished that everything possible should be done to prolong his life. After much consideration a right nephro-ureterectomy was performed on 18.5.55 (Fig. 5) . 28.9.55: The lower 5 cm of the left ureter were resected and the ureter re-anastomosed to the bladder. Section of tissue from the right kidney and ureter and from the left ureter showed transitional cell papillomata. The patient made a good recovery. Cystoscopy (14.11.55) showed a very scarred and somewhat contracted bladder but no positive evidence of tumour. His frequency gradually increased and he subsequently started to wear a urinal. During August 1956 he had a convulsion whilst at work and was again admitted to hospital. He finally died on 5.9.56.
Post-mortem examination revealed a diffuse carcinomatous infiltration of the bladder wall. Secondary deposits were present in the para-aortic glands. Tumour cells were found in the suprarenal glands and their pericapsular lymphatics. Gross pyelonephritis was present in the remaining left kidney.
Cystoscopic findings.-Occupational tumours of the bladder show no special characteristics to distinguish them from spontaneous tumours. In character they may range from the delicately fronded papilloma to the deeply infiltrating carcinoma. There does, however, appear to be a tendency to increased multiplicity and to an unusual incidence of accompanying tumours in the renal pelvis, calyces and ureter (see Renal and Ureteric Tumours, p. 810). The appearance of further tumours at new sites is perhaps also more troublesome than in the case of tumours of spontaneous origin. On account of the careful screening of workmen and especially since the advent of the Papanicolaou technique, the tumours tend to be seen at an earlier stage of development than amongst the general population; indeed amongst men still employed in the industry it is now rare to find an advanced tumour at the first cystoscopy.
yal Society of Medicine 38 Gay (1934 Gay ( , 1937 has described congestive lesions consisting of punctate ecchymoses or fine telangiectasia, which are thought to be precursors of tumour formation. Epithelial hyperplasia has also been noted. In the past I have been sceptical of these findings (Poole-Wilson, 1953 Proceedings of the Roy extensive or multiple carcinomata and 2 from severe multiple papillomatosis. Of the 18 patients 14 qualified for a five-year survival review and 6 or 43% were found to be living. Three of these survivors died at a later date from recurrent bladder tumour. In 4 of the patients who died, the bladder at the time of death appeared to be free from tumour but pelvic secondaries were present. Deep X-ray was used as a secondary form of treatment in 10 instances. There were only 2 five-year survivals of 7 possible (28 %).
Other Forms of Irradiation Therapy
Contact therapy was used on one of the earlier patients. He survived seven years but ultimately died of his tumour. In 2 patients the bladder has been irradiated by a central cobalt source-1 died at three years, the other is a four-year survival.
Radiation from a central source of cobalt has been employed once as a secondary form of treatment.
RENAL AND URETERIC TUMOURS
Amongst this series of occupational bladder tumours there has been a considerable incidence of accompanying tumours arising in the renal pelvis and ureter. The first 2 cases were recognized and described by Macalpine (1947) . In I of these patients the lesion was unilateral, in the other bilateral renal tumours were present. Since then 14 further cases have been identified including 1 in which the tumours were again bilateral. Thus amongst 180 patients suffering from occupational bladder tumours 8 8% also developed renal or ureteric lesions (Table VI) . (9 9%.) 2 patients have also been found, in 1 of whom a renal and in the other a ureteric lesion were unaccompanied by any bladder manifestation.
An attack of painless himaturia led to a full investigation in the one instance, whilst the finding of tumour cells in routine Papanicolaou smears was the only indicative sign in the other.
From these findings it is evident that an investigation of men who have been exposed to urinary tract carcinogens must always include a full survey of the upper urinary tract. If intravenous pyelography fails to yield detailed pictures of the renal pelves, calyces and ureters, retrograde pyelograms and ureterograms should be made. The renal or ureteric lesion, however, commonly pal Society of Medicine 40 appears long after a bladder lesion has been found and treated. In fact it is probable that the lengthening of life resulting from early and adequate treatment of the vesical lesion may be the reason for the apparently increasing incidence of renal and ureteric tumours. Persistent recurrent vesical papillomatosis, haematuria which cannot be accounted for by a bladder lesion, and renal discomfort are symptoms which indicate the need for a further review of the upper urinary tract.
In 17 of these 18 men the upper urinary tract lesion was identified during life; the remaining renal tumour was found at post-mortem in a patient who had died from an advanced carcinoma of the bladder.
The tumour was confined to the renal pelvis in 13 patients (in 1 a tumour was also present on the other side); in 3 the renal pelvis and ureter were affected (in 1 of these a tumour was present in the other ureter); 2 patients presented ureteric lesions only. No patients presented any certain evidence of previous renal or ureteric stasis. 13 of the 20 lesions were on the left side and 7 on the right. Pathological examination showed that 10 were simple transitional cell papillomata; the remaining 10 showed carcinomatous changes.
The bladder tumours present in 16 of these patients varied considerably in type. In 4 an invasive carcinoma was present. In the remainder the lesion was primarily of a papillomatous nature.
In some this papilloma formation has been a pronounced feature and scattered groups of apparently small benign papillomata have been diathermized on many occasions. If such a state of affairs exists a search should immediately be made for a renal lesion. In this respect the following 2 cases are of interest. In the first the persistent appearance of small benign vesical papillomata ceased following the removal of a kidney containing a simple transitional cell papilloma and would support the view that the vesical papillomata were seedlings. In the second case the removal of a renal lesion made no alteration to the periodic appearance of bladder papillomata.
In May 1943, when aged 43, seven years after his first exposure to beta-naphthylamine this workman developed hiematuria. There had been no previous symptoms and routine tests at the factory for blood cells had been negative. Cystoscopy (J. B. Macalpine, 31.5.43) revealed a small bunch of sessile papillomata well above the right ureteric orifice.
There was no evidence of infiltration. The papillomata were destroyed by perurethral diathermy. Intravenous There was no evidence of infiltration. The tumours were destroyed by perurethral diathermy.
Regular review cystoscopies revealed from time to time recurrent papillomata in the bladder and posterior urethra (16.11.46, 17.11.48, 9.4.49, 3.1.51, 24.4.51 and 9.7.51 Treatmnent 12 patients were treated by nephro-ureterectomy. In one the lower end of the other ureter was later excised on account of papilloma formation. A nephrectomy alone was carried out on one patient. In another a proposed nephroureterectomy had to be abandoned on account of the extent of the tumour. 3 patients were too ill for any operative treatment-i patient suffered from uremia due to extensive bilateral renal tumours; 2 patients were dying from extensive vesical tumours. In one of these patients post-mortem examination confirmed the presence of a papillary carcinoma in the left renal pelvis but also revealed that a suspected chest secondary was a primary oat cell carcinoma of the right lung.
URETHRAL LESIONS Vesical papillomata may be accompanied by small and apparently subsidiary lesions arising in the posterior urethra and more rarely in the anterior urethra (Ashworth, 1956) . These growths are frequently regarded as seedlings and it has been suggested that urethral instrumentation facilitates their implantation. In the present series a considerable number of such papillomata have been noted in the posterior urethra and to a much lesser extent in the anterior urethra. They have usually responded to perurethral diathermy.
In the following patient malignant changes supervened:
Case IV. 
THE MODE OF ACTION OF THE CARCINOGENS
The mode of action of the urinary carcinogens is an intriguing problem but one which could not be adequately discussed in this paper. For reviews of the work which has been carried out and extensive bibliographies the writings of Bonser et al. (1958 ), Boyland (1958 ), McDonald and Lund (1954 , McDonald and Thorson (1956) , Scott and Boyd (1953) , and Walpole and Williams (1958) may be consulted.
PREVENTION
In this paper the recognition of occupational bladder tumours as an industrial hazard, the methods of early diagnosis, their clinical features and response to treatment are discussed. Whilst these subjects are of great importance the ultimate objective of medicine and industry must be the complete removal of the causative factors. The ethics of the manufacture of urinary and other carcinogens has been admirably discussed by Scott (1958) . Absolute prohibition of their manufacture and use would appear to be the ideal method of prevention. Such a course, however, represents an over-simplification of the problem and fails to take account of the varying severity of different hazards, of possible means of rendering manufacture safe and of the industrial importance of the product. Scott concludes: "If they are to be made, substances or processes which promote grave industrial diseases such as radiation sickness, occupational cancer or aplastic anemia call for the maximum necessary precautions at whatever cost may be involved. If the achievement of the required standard is not practicable, complete prohibition must be insisted upon and industrial or public opinion would surely make this effective."
By 1950 beta-naphthylamine was universally recognized as a highly dangerous industrial chemical. It was also found impossible to devise plant for its production and use which afforded adequate protection and yet could be operated at an economic rate. In the United Kingdom it was voluntarily decided to abandon its manufacture. The loss would have been a serious one as beta-naphthylamine is extensively used for the manufacture of Tobias acid and similar beta-naphthylamine sulphonic acids, which are employed in the synthesis of many azo dyes. Chemists, however, found it possible, but at considerable extra cost, to alter the mode of manufacture so as to produce the Tobias acid by the sulphonation of beta-naphthol followed by amidation. The production of the carcinogen was thus avoided. Beta-naphthylamine is now no longer made in Great Britain, Germany and Switzerland. The manufacture of rubber antioxidants derived from alpha-and beta-naphthylamine has also been abandoned in this country.
Owing to the recognition of its potential dangers by Walpole et al. (1952 and 4-amino-diphenyl (xenylamine) has never been manufactured in this country. 
